. Intriguingly, mouse ESC-derived Renshaw cells migrated toward their typical mouse location, but in the chick spinal cord. Does this imply differences among interneurons mediating recurrent inhibition in avian versus mammalian species? To what extent do transplanted mouse interneurons replicate specific premotor connectivity in the chick spinal cord? Finally, can introduction of specific interneurons defined by genetics and development replace or add particular functions in spinal cord motor circuits? Combining analyses of ESC-derived and in vivo interneurons will no doubt improve our understanding of these and further questions in the future.
Zhang, J., Lanuza, G.M., Britz, O., Wang, Z., Siembab, V.C., Zhang, Y., Velasquez, T., Alvarez, F.J., Frank, E., and Goulding, M. (2014) . V1 and v2b interneurons secure the alternating flexor-extensor motor activity mice require for limbed locomotion. Neuron 82, 138-150. Neurexins have been established as a major coordinator of synapse assembly, functioning through interactions with postsynaptic cell adhesion molecules. Kurshan et al. (2018) now show that a C. elegans ''dwarf neurexin'' lacking its extracellular interaction domains can conduct synapse formation independent of postsynaptic partners.
Synapses are specialized contacts between neurons and target cells that integrate and transmit information through complex circuits. Signal transduction is accomplished by the release of neurotransmitter vesicles upon action potential arrival at the presynaptic plasma membrane. Reliability is brought to the system by maintaining the structure of the active zone such that neurotransmitter-filled synaptic vesicles are brought into proximity to voltage-gated calcium channels Neuron Previews and efficiently released upon arrival of an action potential. The postsynaptic specialization is maintained in close apposition to the presynaptic apparatus, ensuring that the postsynaptic neurotransmitter receptors carry the signal forward.
Coordination of pre-and postsynaptic signaling shapes synapses and maintains them throughout life. It also allows them to be remodeled depending on neuronal activity. A number of cell adhesion molecules (CAMs) have been implicated in this process, with neurexins (Nrx) and neuroligins being studied extensively. Mammals express Nrx from three genes that each produces a-, b-, and g-Nrx isoforms. a forms contain six LNS domains interspersed with three EGFlike repeats. The shorter b form only has one LNS domain, to which neuroligins are known to bind, and the even shorter g form lacks all these domains. a-, b-, and g-Nrxs share their transmembrane domains and cytoplasmic tails, which end in a PDZ-binding motif. Drosophila and C. elegans have a single Nrx gene and, until recently, were thought to encode only the a form.
The aand b-Nrxs have been found to interact with a variety of different postsynaptic partners, neuroligins arguably being the most studied among them. Other partners include, and are likely not limited to, LRRTMs, GABA-A receptors, cerebellins, latrophilins, neurexophillins, and dystroglycan, which have all been shown to bind to the different LNS domains. Both aand b-Nrxs also bind CA10, CA11, and C1qIs extracellularly through sequences close to the membrane (S€ udhof, 2017) . Though g-Nrxs share these sequences, no postsynaptic interactors have been identified for g-Nrxs so far, consistent with the short extracellular sequences.
Nrx undergoes extensive alternative splicing into thousands of isoforms, which could mediate differential binding to postsynaptic partners in different cell types or even different synapses within the same cell type (Schreiner et al., 2014) . This extensive interaction repertoire confers multiple layers of complexity to Nrx function.
Removing Nrxs generally provokes deficits in synapse organization, though the exact nature of these defects depends on synapse types and the level of redundancy and interaction with other synaptic signaling mechanisms. Analyzing the single Drosophila Nrx-1 gene at the neuromuscular synapses has allowed for a detailed description of its trans-synaptic assembly function. Nrx-1 mutants suffer from an uncoupling of the pre-and postsynapse, formation of fewer but atypically large active zones, and impaired synaptic release (Banovic et al., 2010) . Drosophila Nrx-1 interacts with the PDZ domain of presynaptic scaffold protein Syd-1 and trans-synaptically with a neuroligin to properly time postsynaptic glutamate receptor incorporation (Owald et al., 2012) .
Nrx knockout in mammals, depending on synapse type, provokes disturbances of presynaptic release associated with altered voltage-gated Ca 2+ currents and a downregulation of postsynaptic receptors (Graf et al., 2004; Missler et al., 2003) Recent analyses of conditional triple knockouts further elaborated these results by demonstrating vastly different phenotypes in different synapses, illustrating the divergent functions of Nrx depending on the type of neuron and synapse (Chen et al., 2017) .
Taking these heterogeneous outcomes of genetic analyses into consideration, it had so far been largely undisputed that the Nrx ectodomains are essential for synapse assembly. Consequently, studies have focused on trans-synaptic interactors modulating Nrx function, and the idea that synapse types and downstream processes might be diversified depending on the binding partner of Nrx has been normalized.
In light of this, the work by Kurshan et al. (2018) showing that a g-Nrx-1 lacking all established ectodomains has a crucial role for synapse assembly in DA9 neurons of C. elegans comes as a surprise. Although a-Nrx-1 is expressed in these neurons as well, they show that g-Nrx-1 is sufficient for active zone assembly, synaptic vesicle accumulation, and calcium channel clustering (marked by a piccolo/bassoon-like protein CLA-1, synaptic vesicle-associated protein RAB-3, and CaV2.2/UNC-2, respectively). The authors also describe a parallel mechanism for synapse assembly through the receptor Frizzled (Fz), which allows residual synapse formation in the absence of Nrx-1. They found that unwanted synapse assembly is hindered when Fz binds its ligand Wnt and is endocytosed. Wnt-Fz binding results in Nrx-1 removal from the membrane and attenuation of Nrx-1 assembly function (Figure 1) .
While trans-synaptic interactions have occupied center stage, Nrx has also been shown to engage in presynaptic intracellular interactions. Nrxs bind the scaffold and regulatory proteins CASK, Mint1/X11, CIPP, and Syntenin through their PDZ domains. In Figure 1 . Presynapse Assembly through a-Nrx-1, g-Nrx-1, and Frizzled Synaptic domain: a-Nrx-1, g-Nrx-1, and frizzled (Fz/LIN-17) promote synapse assembly in parallel. All three transmembrane proteins can independently incorporate CLA-1. g-Nrx-1 is sufficient for Ca 2+ channel incorporation. Asynaptic domain: Wnt/LIN-44 ligand binding to its receptor Fz inhibits synapse formation. Wnt binding results in Fz endocytosis and elimination of Nrx-1 from the membrane through an unknown mechanism (Kurshan et al., 2018) .
